We reexamine the assumptions of current theory to update and extend the concept of task complexity to tasks that include multiple actors at any level of analysis. Tasks can be modeled as networks of required actions and information cues carried out or processed by particular actors. Counting pathways in the task network provides an index of task complexity that incorporates insights from organization research but is more consistent with contemporary complexity science than prior approaches and better reflects the exponential nature of the phenomenon. The revised concept of task complexity can be readily used as an independent or dependent variable, and it can be used to compare observed and idealized descriptions of tasks. We discuss its implications for developing theory.
We reexamine the assumptions of current theory to update and extend the concept of task complexity to tasks that include multiple actors at any level of analysis. Tasks can be modeled as networks of required actions and information cues carried out or processed by particular actors. Counting pathways in the task network provides an index of task complexity that incorporates insights from organization research but is more consistent with contemporary complexity science than prior approaches and better reflects the exponential nature of the phenomenon. The revised concept of task complexity can be readily used as an independent or dependent variable, and it can be used to compare observed and idealized descriptions of tasks. We discuss its implications for developing theory.
In this article we address a basic question: how can we conceptualize the complexity of tasks that involve multiple actors carrying out a set of interdependent actions to achieve a common goal? Established definitions of task complexity (Campbell, 1988; Wood, 1986) focus primarily on tasks performed by individuals and are based on Hackman's (1969) principle of separating the task from the individual task doer (i.e., analyzing the task qua task). This conceptualization has been useful in controlling for task complexity in experimental research, but it is not adequate for addressing situations where work is distributed among multiple actors, or where the actors are organizational units. We find that the past concept of task complexity does not translate across levels of analysis into settings where tasks are collaborative. It does not take into account the material context of task execution, and it is merely additive, not exponential. It has been useful as a control variable but not as a dependent variable. Established concepts and measures of task complexity predate contemporary ideas about complexity (e.g., Gell-Mann, 1995) , so it should not be surprising that we need to revisit the topic.
Following Alvesson and Sandberg (2011) , we revisit assumptions in the existing literature (Campbell, 1988; Wood, 1986) and offer a new framework for conceptualizing and measuring task complexity that incorporates key insights from the physical and biological sciences (Gell-Mann, 1995; Gell-Mann & Lloyd, 1996) and organization studies (Moldoveanu & Bauer, 2004; Rahmandad, 2008; Rivkin & Siggelkow, 2007; Zhou, 2013) . The new framework contributes to the literature in several ways:
1. It extends the concept of task complexity to tasks performed by multiple actors at different levels of analysis. 2. It integrates the concept of task complexity with the material context of task performance. 3. It proposes a general way to represent tasks as networks of actors, actions, and information and to quantify the associated complexity. 4. By extending the concept of task complexity to include empirical observations as well as idealized descriptions, it provides the basis for developing and testing theory about complexity as a dependent variable, not just a control variable.
We chose to retain the original label-"task complexity"-because our revised concept retains a close connection to the original individual-level concept. Drawing on Naylor, Pritchard, and Ilgen (1980) , Wood defined tasks in terms of three elements-products, acts, and information cues: "The two types of input components (i.e., acts and information cues) and products can be used to describe any task and, therefore, represent the basis for developing a general theory of tasks " (1986: 65) We retain this definition and the basic elements used by Wood (1986) , Campbell (1988) , and others because any meaningful measure of complexity must build on "identified regularities" in the domain of interest (Gell-Mann & Lloyd, 1996: 49) . In the case of tasks, the identified regularities are the products, required actions, and information cues. In Wood (1986) , the product defines the purpose of the task (e.g., assembling a bicycle or landing an airplane), while an idealized description of the required actions and information cues is used to compute the complexity of the task. We accept acts, information cues, and goals as key components of tasks, but we reconceptualize the way those features contribute to the complexity of tasks involving multiple actors.
An example can serve to illustrate the nature of tasks extending beyond the individual level of analysis. Imagine that you have been assigned the task of protecting oil rigs in the North Sea against a possible attack from terrorists, who may be operating on a large, commercial fishing boat. There are many such fishing boats in the North Sea and many oil rigs, spread out over a vast area. You must detect potential threats, verify that they are foes, and intercept them before they can attack their target. To carry out this task, you must coordinate the action of multiple actors: surveillance planes, to scan the vast area of the North Sea and detect vessels in the area; fast patrol boats, to get to the detected vessels and investigate whether they have friendly intentions or not; and perhaps large, well-armed frigates, to intervene and stop the terrorists.
Although this example may seem esoteric, the structure of the task is representative of a broad range of collaborative tasks that involve multiple actors with interdependent roles. It illustrates aspects of classic organizational phenomena, such as differentiation and integration of functions (Lawrence & Lorsch, 1967) , coordination and reciprocal interdependence (Thompson, 1967) , problem solving and search (March & Simon, 1958) , and collective interpretation of environmental stimuli (Daft & Weick, 1984) . Our goal in this article is to extend the concept of task complexity so it can be incorporated into theories about these kinds of phenomena. A key insight is that the complexity of a collective task is not merely the sum of the complexity of the constituent tasks, because interdependence between multiple actors can have an exponential effect on task complexity. The existing concept of task complexity tends to mask this effect.
Our focus on tasks sets an important limit on the scope of our work. Over the years, organizational scholars have been interested in the complexity of many different kinds of phenomena, and they have, in some cases, developed metrics for the complexity of those phenomena: organizational complexity (Damanpour, 1996; Dooley, 2002; Moldoveanu, 2004; Moldoveanu & Bauer, 2004) , product complexity (Hobday, 1998; Novak & Eppinger, 2001) , job complexity (Fields, 2002) , cognitive complexity (Bieri, 1955; Crockett, 1964; Mayer & Dale, 2010) , behavioral complexity (Denison, Hooijberg, & Quinn, 1995) , environmental complexity (Miller & Friesen, 1984; Mintzberg & Waters, 1985) , and network complexity (Butts, 2001) , to name a few. The physical, biological, and computational sciences provide many more examples. For each of these, a meaningful definition of complexity starts from a description of the regularities within the particular empirical domain (Gell-Mann & Lloyd, 1996) . Here we limit our inquiry to the complexity of tasks.
BACKGROUND ON TASK COMPLEXITY An Increasingly Relevant Concept
Task complexity became a variable of interest in the mid-1960s, when a young organizational psychologist named Karl Weick (1965) observed that conflicting results in individual-and grouplevel research might be traced to uncontrolled variation in the kinds of tasks being used in experiments. In reaction to this insight, Hackman (1969) , Wood (1986), and Campbell (1988) developed and refined a framework for analyzing task complexity that has remained the standard for nearly thirty years, and may even be gaining in popularity. As of March 2014, Wood's 1986 article, "Task Complexity: Definition of the Construct," had over 340 citations in the Social Sciences Citation Index, more than 90 of those occurring since 2010, and Campbell's 1988 article, "Task Complexity: A Review and Analysis," had over 350 citations, with more than 120 since 2010. Weick (1965) and Hackman (1969) criticized research that confounded the task and the task doer, arguing that this was a key problem in taskrelated research. Hackman (1969) and subsequent theorists of task complexity identified the value of carefully separating the "task itself" from (a) the person or persons doing the task, (b) the context in which the task is performed, and (c) the behavioral pattern required to perform the task. Following Hackman, Wood (1986) argued that "task as behavior description" would be a bad basis for studying task complexity because it would conflate the independent variable (task complexity) with the dependent variable (task performance). As such, Wood preserved the separation of task from doer (actor) and doing (actual behaviors). Furthermore, he argued that task complexity could be expressed as a linear combination of three factors: component complexity, coordinative complexity, and dynamic complexity.
Component complexity. Wood (1986) argued that tasks that have more steps are more complex. Component complexity refers to the number of distinct acts required to complete a task, where "distinct" means "nonredundant with other acts" (Wood, 1986: 67) . If an act is repeated several times in a task, it is only counted once. Wood (1986) and Campbell (1988) both recognized the contribution of information cues to task complexity-that is, information processing requirements add to task complexity. Hence, the distinct steps included within Wood's summative measure of component complexity include both required physical actions and information cues to process cognitively. His equation for component complexity sums all information cues over all acts making up a task.
Coordinative complexity. Wood (1986) recognized that interdependence between steps also increases complexity. Coordinative complexity is based on the precedence relations among the required actions only. It does not include precedence relations among information cues and between information cues and action steps. By "coordinative complexity," Wood was referring to the precedence relationships of the required actions that convert task inputs into task products. Wood argued that the longer the sequence of such dependencies, the more complex the task.
Dynamic complexity. Wood (1986) recognized that change over time was also an important part of task complexity. He defined dynamic complexity in terms of changes in the other two dimensions of complexity. Wood's approach to dynamic complexity was one of comparative statics, and his index includes the differences in component and coordinative complexity at two or more distinct points in time. As such, dynamic complexity reflects changes in the required actions and information cues and in the meansends hierarchy to which the task doer must adapt. These changes are assumed to be exogenous to the process of task completion. Unlike the "dynamic complexity" of the decision-making tasks studied by Sterman (1989 Sterman ( , 1994 ), Wood's (1986) concept does not incorporate feedback loops, where task performances alter the state of the system where the task is being performed.
Extensions and Applications
Campbell (1988) adopted the basic framework defined by Wood (1986) and suggested a number of additional types of complexity (e.g., multiple outcomes, uncertain means-ends relations, and multiple pathways to task completion). Liu and Li (2012) have also identified several additional definitions of task complexity. Our review of the literature suggests that these dimensions are not often operationalized in empirical research on task complexity. Even Wood's (1986) core dimensions of coordinative and dynamic complexity have rarely been operationalized in empirical research.
Of the 705 studies in the Social Sciences Citation Index citing either Wood (1986) or Campbell (1988) , we found only 39 in which scholars attempted to operationalize task complexity in line with Wood's and Campbell's original definitions. Our analysis of these studies is presented in supplementary materials (see http:// home.bi.no/fgl94010/taskcomplexity). Typically, the operationalization of task complexity distinguishes, more or less arbitrarily, between complex and simple tasks. Operationalization is most often done experimentally by varying the number of information cues that subjects consider (e.g., Asare & McDaniel, 1996; Timmermans & Vlek, 1992) . This reflects Wood's (1986) component complexity. A few studies are more specific in their operationalization, stating which dimensions are manipulated and how. Only one study (Banker, Davis, & Slaughter, 1998) operationalizes all three dimensions of Wood's (1986) framework. Across all of these studies, task complexity appears as an independent variable or a moderator, but never as a dependent variable.
In very few empirical studies have researchers sought to operationalize the complexity of a task carried out by a group or an organization (e.g., Argote, Insko, Yovetich, & Romero, 1995; Espinosa, Slaughter, Kraut, & Herbsleb, 2007; Nahrgang et al., 2013 ). As with individual-level research, this operationalization generally has been limited to some dichotomous indicator of component complexity used as an independent variable or moderator.
REVISITING THE ASSUMPTIONS OF TASK COMPLEXITY
We adopt the strategy suggested by Alvesson and Sandberg (2011) of generating new theory by revisiting the assumptions of current theory. The middle column of Table 1 shows a list of assumptions in Wood's (1986) version of task complexity. The right column summarizes new, alternative assumptions.
In revisiting these assumptions, we are directly challenging the key justification and theoretical foundation for the earlier concept of task complexity. Nobody would deny the necessity of controlling for the task when conducting individual-level experimental research, and the guidance provided by Hackman, Wood, Campbell, and others has repeatedly demonstrated its value as a basis for doing so (e.g., Stajkovic & Luthans, 1998; Utman, 1997; Wood, Mento, & Locke, 1987) . Unfortunately, these assumptions limit the applicability of task complexity in other areas, such as organizational learning, control, routinization, and design, where the antecedents and consequences of task complexity have not been examined.
Separability of Task from Behavior and Context
Old assumption: Task should be separated from behavior. As mentioned above, Hackman (1969) and subsequent theorists assumed that it was possible to separate the task itself from the people, context, and behavior used to perform the task. In this view, a task consists of a set of requirements that constrain but do not fully determine the set of actions contributing to task completion, and these requirements can be quite consistent across varying contexts. An idealized description of the task may function well for controlling for variation in tasks, and the ideal model has demonstrated its usefulness by showing that task complexity moderates the effects on task performance of individual-level motivation variables, including self-efficacy, goals, and performance versus mastery orientations (Stajkovic & Luthans, 1998; Utman, 1997; Wood et al., 1987) .
New assumption: Tasks are inseparable from behavior. This revised assumption is consistent with theories of practice (Bourdieu, 1990; Feldman & Orlikowski, 2011; Giddens, 1984) . As a result, it is more consistent with organization theories adopting a practice perspective, such as theories of organizational routines (Feldman & Pentland, 2003; Parmigiani & Howard-Grenville, 2011) and organizational change (Farjoun, 2010;  Complexity is indexed by observable behavior. Complexity is observer independent.
Complexity is observer dependent.
Level of analysis
Task complexity is an individual-level construct.
Task complexity applies for any number of actors at any level of analysis.
Types of complexity
There are a few predetermined "types" of complexity (component, coordinative, etc.) .
There are many mechanisms that can contribute to task complexity.
Functional form
Complexity is a linear function of task components.
Complexity is an exponential function of task components. Pentland, Haerem, & Hillison, 2010 . These theories emphasize duality, rather than separation, of ostensive and performed tasks. In ontological terms, there is no task unless someone is doing it, and doing always entails more than can be scripted (Polanyi, 1962) . Even if one prefers not to accept the ontology of contemporary theory, the separability of task and enactment is problematic. In the framework articulated by Wood (1986) and Campbell (1988) , information cues are treated as objective. Ironically, by including information cues in the definition of task complexity, the separation of the task from the task doer is blurred because information cues are, by definition, a product of the environment and the interpreter (Gibson, 1979) . From a contemporary perspective, which acknowledges sensemaking and enactment (Weick, 1995) , the assumption of observer-independent information cues is difficult to defend.
Furthermore, Wood's formula for component complexity is based on counting required actions and information cues, but the number of acts to perform and the number of information cues to process depend, at least in part, on the expertise and the individual differences of the perceiver/enactor (e.g., Haerem & Rau, 2007; Hunter, Schmidt, & Judiesch, 1990; Levin, Gaeth, & Schreiber, 2001) . Even if we concede that a well-defined, individual-level task with very clear cues and actions corresponds closely to its idealized depiction, the correspondence breaks down for collective tasks, where the interpretation of contextual stimuli occurs through a social process and actions are interdependent (Daft & Weick, 1984; Weick & Roberts, 1993) .
Old assumption: Tasks are separate from their material context. Hackman (1969) also argued that tasks should be analyzed as separate from their physical setting. As a result, there was no need to account for the way that the use (and potential depletion or creation) of resources might influence task performance and complexity over time. Raw materials, tools, equipment, and facilities are all missing from this portrayal of tasks.
New assumption: Tasks are inseparable from their material context. Task performance is necessarily a situated activity, in which task performers make use of the resources at hand. Task sites contain people, artifacts, organisms, and other things (Schatzki, 2005) . Claiming the essential materiality of tasks is consistent with recent calls for greater recognition of the material context in organizational research (Leonardi, 2012; Orlikowski & Scott, 2008) .
Old assumption: Complexity is a property of an idealized task description. A closely related assumption concerns the nature of the evidence used to determine the complexity of a task. Because the task is assumed to be separate from the behavior of the task doer(s), the complexity of the task must be inferred from an idealized description of the task (the task qua task). For example, Wood (1986) analyzed an idealized version of the air traffic control task. Task complexity in this sense does not take into account experience, learning, the operating environment, or any other individual or organizational characteristics. In order to study consequences of individual differences, at any level of analysis, we need a concept of task complexity that captures behavioral consequences.
New assumption: Complexity is indexed by observable behavior. The mathematical science of complexity offers useful guidance here. For example, the Lempel-Ziv algorithm (Kaspar & Schuster, 1987; Lempel & Ziv, 1976) can be used to measure the complexity of a process by observing the string of actions within the process.
Old assumption: Task complexity is observer independent. Another corollary to the traditional assumption about separability concerns the point of view from which task complexity can be observed. In separating the task from the task doer, Hackman, Wood, and Campbell assumed researchers could adopt an objective, universal point of view not dependent on the identity of the task doer or the outside observer. The researcher privileges a single acontextual idealized perspective. Thirty years ago this assumption could be made without explicit explanation or defense. Today it not only seems indefensible but forecloses a variety of valuable opportunities for theory development that involve comparing multiple perspectives on tasks, such as how and why actual behavior departs from idealized versions of the task.
New assumption: Task complexity is observer dependent. This assumption is consistent with the contemporary idea that complexity is observer dependent (Gell-Mann, 1995) . Consideration of observer dependence led Gell-Mann to note that when we attempt to measure the complexity of anything in the real world, all measures that we can define and compute "are to some extent context-dependent or even subjective" (1995: 1). This is why, for each domain where we wish to investigate complexity, we need to establish a distinct set of "identifiable regularities" on which our complexity measure can be based.
Level of Analysis
Old assumption: Individual level of analysis. Because tasks are considered to be individual, so is task complexity. In air traffic control, for example, complexity generally has been treated as an individual-level phenomenon (Mogford, Guttman, Morrow, & Kopardekar, 1995) . Although Wood (1986) treated air traffic control as an individual activity, the presence of multiple controllers and multiple planes suggests that air traffic control is, at least in some respects, a collaborative activity (Fairburn, Wright, & Fields, 1999 ).
New assumption: Any level of analysis. Many tasks or processes involve multiple actors. This is true of all organizational routines by definition (Feldman & Pentland, 2003) , all kinds of service encounters (Leidner, 1993) , and any task that involves communication or interactions with other actors. Further, in many cases the actors are not individual humans; they may be machines, organizational subunits, or entire organizations. In our North Sea counterterrorism task, for example, the actors are boats and planes that have crews of people. The inclusion of actors such as organizational subunits or computer systems is an established part of models used in process engineering (Eppinger, Whitney, Smith, & Gebala, 1994; Smith & Eppinger, 1997) , but it has been missing from our concept of task complexity. It should be possible to measure the complexity of a task regardless of who or what is carrying it out.
Types of Task Complexity
Old assumption: There are many types of task complexity. Because Wood (1986) and Campbell (1988) defined "types" or "dimensions" of task complexity, pluralism seems to have entered our field as a necessary part of the concept (Liu & Li, 2012) . Wood (1986) identified three forms, and Campbell (1988) added more. Each type of complexity, along with its corresponding measure, has a distinct conceptual basis. As noted in our review of the literature, these distinctions generally have been glossed over in favor of a binary judgment in empirical research (complexity is either "high" or "low"). In spite of researchers' reluctance or inability to measure them, we assume that the various dimensions of task complexity are important.
New assumption: There are many antecedents of task complexity. All of the mechanisms identified by Wood (1986) and Campbell (1988) can be understood as causal antecedents that may (or may not) contribute to the complexity of a given task. In this view, task complexity can be seen as a single construct, and there is no need for multiple types or dimensions of task complexity. The extent to which particular mechanisms contribute to task complexity is an empirically testable question.
Functional Form
Old assumption: Complexity is additive. The equations that Wood (1986) used to compute task complexity are all linear. For example, component complexity is computed by counting the number of information cues across actions. If a task has ten components, then adding one more component makes it 10 percent more complex. Total complexity is the sum of component, coordinative, and dynamic complexity.
New assumption: Complexity is exponential. Current mathematical models of complexity derive from either information theory or algorithmic complexity (Prokopenko, Boschetti, & Ryan, 2009 ). Moldoveanu and Bauer (2004) offer an extensive list of examples applied to organizations. None of the basic models for complexity is linear. Instead, task complexity increases exponentially in its components. If we want to be consistent with current science, our concept of task complexity should capture nonlinear contributions of actions, information cues, and actors. Task complexity depends not only on the number of components but on the relations among components (Flood, 1987) .
EXTENDED CONCEPT OF TASK COMPLEXITY
These new assumptions require us to reconceptualize task complexity in two substantial ways. First, the new assumptions concerning (in)separability, material context, and level of analysis require us to consider how a broader set of constituents contributes to task complexity. In particular, locating tasks in their social and material context requires the inclusion of acts and information cues as they become enacted by one or more actors throughout the task resolution. Second, the new assumptions about dimensions and functional form require us to redefine how task complexity is computed. In the following sections we introduce a concept of task complexity that meets the requirements imposed by the new assumptions.
Modeling Tasks As Networks of Events
To incorporate these new assumptions into a new concept of task complexity, we model tasks as networks of events, where an event is an action performed by some actor at some moment in time. Events generate information cues that may (or may not) be processed by other actors. The actors may be people, machines, or organizational subunits (Latour, 2005) . Pentland and Feldman (2007) proposed the use of this kind of network as a model for organizational routines and referred to the nodes as functional events. The network in Figure 1 contains two events: actor A asks a question and then actor B answers. The events are sequentially related, and if either event is missing, the overall task will be incomplete. Each event in the network has an action and an actor (Pentland & Feldman, 2007) . As in Wood (1986) , events are related by sequential precedence, and paths are defined by the sequences that lead to the completion of the task. But in keeping with our revised assumption about inseparability, actors are explicitly included in the model of the task.
It should be evident that each of these events generates information cues that may (or may not) be processed by other actors or observers. Information cues, which provide a mechanism through which events are related, are created by the actions of actors and by changes in the material context. Thus, actions by one actor can be interpreted as information cues by others actors. This is especially important when the task includes reciprocal interdependence (Thompson, 1967) or network arrangements (Van de Ven, Delbecq, & Koenig, 1976) . Information cues are inherently subjective; they require interpretation by an observer (Gibson, 1979; Weick, 1969) .
A Unified Concept of Task Complexity
Once the task has been modeled as a network, task complexity can be indexed by identifying all possible paths to each goal of the task and by summing the number of ties making up these paths using the method described by Oeser and O'Brien (1967) :
where paths (p) are routes to particular goals (g) representing attainment of an outcome. Following Campbell (1988) , we allow tasks to have multiple goals or completion events. The primary understanding reflected in this measure is that task complexity is indexed by the number of paths in the network of events that lead to the attainment of task outcomes. (The code for implementing this algorithm is available at http://home.bi. no/fgl94010/taskcomplexity.)
Comparison to the existing concept. This approach preserves basic insights from Wood (1986) concerning component complexity and coordinative complexity, but it incorporates them into a single computation that produces a nonlinear index of task complexity. Figure 2 shows how this measure of task complexity varies as a function of the number of nodes and ties in the network of events. The horizontal axis represents the number of ties beyond the minimum number required to complete the task in a "straight line," as an invariant sequence of events, without alternatives or repetitions. When x 5 0, there is only one possible path. Additional ties introduce branches and possible loops into the network of events. For x . 0, x nonredundant ties between events are added at random to the task network. Each point in the graph represents the average computed index of complexity for fifty simulated tasks, each of which includes x randomly added ties. The graphed results provide a useful way to compare the new concept of task complexity with the old one.
First, consider Wood's (1986) component complexity, which is represented by the number of nodes in the network. Figure 1 shows that the number of nodes has little effect on complexity unless there is also a substantial number of ties.
Although component complexity has been the dominant concept used in empirical research, focusing on nodes to the exclusion of ties presents an incomplete picture of task complexity.
Second, consider Wood's (1986) coordinative complexity, which relates to the number of ties. When the number of ties is small, adding a few ties has little effect on task complexity, just as adding a few nodes does not make much difference. However, when the number of ties exceeds about ten or twelve, the picture changes completely, because task complexity grows exponentially. The effect is stronger for larger networks, which represent tasks with more events (i.e., greater component complexity). Paths and ties interactively affect complexity, so their relation is not simply additive. Figure 2 illustrates why simply counting all ties, as done by Zhou (2013) , is not sufficient. As the number of ties increases linearly, computed task complexity increases exponentially. Our approach draws in part on conceptual elements proposed by Wood (1986) , but it produces results that are strikingly different.
Example. We use the North Sea counterterrorism (NSCT) example introduced earlier to further illustrate the difference between the old and new approach. We begin by modeling each role in the NSCT organization individually: airplanes, patrol boats, and frigates. Figure 3 lists events associated with each role, and the matrix structure shows the directional ties (from row events to column events). Each role is quite simple, with task complexity equal to 3, 18, and 14, respectively. It is important to note that these models are based on idealized task descriptions.
When the roles are combined into a single network, the actions by one actor can be information cues for the other actors. For example, if a patrol boat notices that another actor has changed direction, it might adjust its direction accordingly. These kinds of reactions represent Thompson (1967) would call "mutual adjustment," where each actor can notice actions by other actors and interpret those as information cues. The resulting task network, shown in Figure 4 , has a computed task complexity of over 44,000.
To help interpret this result, we compared the NSCT task to the air traffic control task as depicted by Wood (1986) . That task has twentythree nodes (required act and information cues) and thirty-eight ties, and it is carried out by a single individual. When we compute the complexity of air traffic control using our algorithm, its value is 91. The comparison is interesting because, according to Wood's model, air traffic control has more required acts and information FIGURE 3 Event Network for Each NSCT Role FIGURE 4 Event Network for Multiactor NSCT task cues than any of the NSCT roles. In fact, it has more than all three NSCT roles combined. Thus, under the old assumptions, we might conclude that the complexity of air traffic control is "high" while the complexity of NSCT "low." In the multiactor model, with interactions and mutual adjustment, the counterterrorism task is orders of magnitude more complex. Although the number of nodes in the network for counterterrorism is relatively small, the required acts are information cues for the other actors, and these pathways of mutual influence and adjustment strongly increase the task complexity.
Summary. When the event network is appropriately constructed, this concept of task complexity conforms to the new assumptions articulated earlier in this article. First, by virtue of the way the events in the network are defined, it reintegrates the task, the task doer(s), and the material context. Second, it can be applied to any point of view on a task-idealized or enacted. Third, it can be applied at any level of analysis, because the events can be defined for any kind of actor. Fourth, it is elegant; it does not have different metrics for different types of task complexity. Fifth, it is an exponential function of task properties. And sixth and most important, it opens up new opportunities for theory development, as discussed in the next section.
IMPLICATIONS FOR THEORY DEVELOPMENT
Because this revised concept of task complexity can be applied across a wide range of organizational phenomena, it creates a variety of opportunities for developing new theory. It is easy to identify specific examples (e.g., task complexity as a moderator of organizational learning). Here we survey the broad landscape of theoretical possibilities.
Focus on Behavior in Context
In organizational behavior and organization theory, behaviors are important sources for theoretical explanations. Our revised assumptions encourage us to consider what people actually do, rather than an abstract, idealized version of what they do that privileges the researcher's perspective. There are several precedents for this kind of reconceptualization in organizational research. For example, behavioral decision making and behavioral economics have progressed through careful study of what people actually do (Camerer, Loewenstein, & Rabin, 2011) . Likewise, areas of organizational research where there has been a "practice turn" (Feldman & Orlikowski, 2011) have focused on actual, rather than idealized, behavior. Both within-unit analysis of changes in enactments and across-unit analysis of differences in enactments provide a basis for understanding ways of organizing and their consequences.
At the same time, idealized descriptions will always be useful and theoretically interesting, and our framework can be used equally well to analyze idealized descriptions, as we have done in the NSCT example. We can characterize the complexity of best practices, shortest path, standard operating procedures, alternative designs, or any other task description that is exemplary or distinctive in some respect. Such task descriptions provide important points of reference and comparison, but they need not be privileged as "the task." Disparities between idealized task descriptions and what people actually do are a subject of research interest (e.g., Brown & Duguid, 1991) . Idealized and empirical descriptions can coexist, as long as they are clearly understood for what they represent.
The reconnection of a task and its material context also holds important implications for task complexity. Tasks make use of and alter resources. For example, when chasing terrorists in the North Sea, planes and ships can only begin from positions established by prior tasks and can only maintain pursuit as long as their fuel lasts. Because tasks often change the material context, the possibilities for enacting a task change over time. Research on tasks involving dynamic systems shows that even relatively simple flows of materials and changes in inventory introduce a lot of complexity (Sterman, 1989) . These features are essentially absent from the traditional model of task complexity, because idealized tasks are assumed to be separable from their material context. Our model integrates sociality and materiality into the concept of task complexity (Latour, 2005; Leonardi, 2012; Orlikowski & Scott, 2008) .
Tasks As Dynamic Processes
Because task complexity is a function of the network of events involved in a task, it relates closely to process theories of organizing (e.g., Czarniawska, 2004; Farjoun, 2010; Puranam, Alexy, & Reitzig, 2014; Tsoukas & Chia, 2002; Weick, 1969) . These theories emphasize actions over time, rather than stasis. Although organizing has become foundational in theories of organizational stability and change (Farjoun, 2010; Sydow, Schreyögg, & Koch, 2009; Tsoukas & Chia, 2002) and routines (Feldman & Pentland, 2003) , it has not been integrated into other theoretical areas, such as task complexity.
Tasks are not frozen in time. They are performed, and as they are performed, their complexity can change. Sterman (1989) identified changes over time as an intrinsic property of systems that are, by their nature, dynamic. As long as task complexity is based on an idealized description of the task, our ability to explain dynamics will be limited, because the idealized task does not change. It cannot incorporate the possibility that the task itself might change as a result of events within the task context. Because the new model is more sensitive to the temporal dynamics of processes, it creates more opportunities for theoretical development. First, incorporating actions, actors, and information cues into the task model makes it sensitive to the various ways tasks can change as they are performed. When applied to actual behavior, our measure of enacted complexity can change quickly and dramatically. As new actors enter or leave the scene, the potential number of information cues and ties between actions can increase or decrease, with a corresponding nonlinear effect on task complexity. The notion that additional actors could dynamically change the complexity of the task is outside the traditional framing, but it is obvious in the revised concept.
We expect that the addition or removal of actors could have an especially strong effect in situations where there is reciprocal interdependence (and mutual adjustment) among the actors (Thompson, 1967) . The actions by one actor can become information cues for all the other actors. The resulting spike in complexity may contribute to the classic "mythical man-month" phenomenon in software development (Brooks, 1995) , where adding programmers tends to delay project completion.
Antecedents and Consequences of Task Complexity
When Hackman (1969) and Wood (1986) rejected the concept of "task as behavioral description" as a useful approach to task complexity, they assumed that theorists and managers were not interested in the determinants of how tasks are solved. Similarly, they assumed a lack of interest in the consequences of the complexity of task resolutions. Of course, theorists and managers are often interested in both.
Task complexity as a dependent variable. When applied to observed behavior, task complexity provides an indicator that summarizes one property of the network of actions involved in carrying out a task. When referring to task complexity as a dependent variable, we are hypothesizing that some set of factors causes the task network to have more (or fewer) nodes (actions by actors) and/or connections between these nodes. Based on the analysis presented in Figure 1 , we know that modest changes in these essential elements can have a dramatic impact on task complexity.
Treating task complexity as a dependent variable opens up some interesting research possibilities. The general question is what causes task complexity? Zhou (2013) has demonstrated that organizational design can influence complexity, and familiar principles of organizational design (e.g., Galbraith, 1973 ) emphasize modularity as a method to reduce complexity. Research on process design (Eppinger et al., 1994) has established techniques for simplifying and streamlining processes.
Other research indicates that task complexity may change independent of the intentions of organizational designers. Anything that affects how a task is accomplished can potentially influence task complexity. Although the traditional perspective would treat these as confounds, they can also be legitimate topics for inquiry. For example, at the individual level, we might examine the role of expertise (Haerem & Rau, 2007) . At the subunit level, we might examine the role of changing communication patterns and routines. For example, Sydow et al. (2009) , on the one hand, argue that path dependence may cause simplification (and inertia) as patterns of action converge to a "locked-in" routine. On the other hand, Garud, Kumaraswamy, and Karnøe (2010) suggest that patterns of action can change through a generative process of path creation. At the organization level, we might examine the role of hierarchy (Zhou, 2013) . Many factors can potentially increase or decrease complexity, depending on the situation, but that is an empirical question.
Task complexity as an independent variable. As mentioned, task complexity is usually treated as a binary category-high or low. This simplification is unfortunate for complexity not only as a dependent variable but also as an independent variable, because complexity is a phenomenon that often varies by orders of magnitude (Gell-Mann, 1995) . A "simple" task might have dozens or hundreds of paths. In contrast, a "complex" task might have tens of thousands of paths. Our framework provides a way to conceptualize complexity that captures orders of magnitude of difference. Given the enormous range of the construct, it might be best to report it using a logarithmic scale (like the Richter scale for earthquakes). Reporting the logarithm rather than the raw complexity score would focus attention on meaningful variations in complexity.
Clarifying task complexity as we have done here opens the door for using the construct to explain a broad range of phenomena. The general question is where and how does task complexity influence organizational outcomes-directly and as a moderator? Taylorist managerial norms suggest that having a single path is best, but this may not always be the case, especially in service encounters (Leidner, 1993) or in other situations where external contingencies affect task execution. The complexity of a task may influence efficiency, effectiveness, and a host of other outcomes. Task complexity may also be a moderator for organizational learning and organizational control, since simple patterns of action are easier to learn, control, and change than are complex ones.
Whether it appears as an independent or dependent variable, it is helpful to have a unified conceptualization for this construct. Proliferation of concepts and measures of task complexity presents an unclear path for researchers. For the concept of task complexity to support a stream of research, there must be some consensus that it is valid, general, and measurable. The approach presented here is intended to fill that need.
Units and Levels of Analysis
The idealized version of task complexity portrays tasks as neatly separated from their social and material context. Furthermore, since tasks are defined at the individual level, the nested, hierarchical nature of tasks and subtasks seems to correspond to the nested, hierarchical nature of individuals, groups, and organizations. However, tasks like delivering a service or completing a transaction require the involvement of multiple, potentially heterogeneous actors. The multiactor model of tasks that we present here highlights the way actors are entangled through tasks. Events can be part of multiple paths within a task, and also may be part of multiple tasks. Tasks are recognized by their product (or goal), but their boundaries are not always apparent. Research on process management demonstrates that task networks in real organizations may be extensively interconnected (Eppinger et al., 1994) .
The potential for theory development becomes clear when we compare Wood's (1986) analysis of air traffic control to Weick and Roberts' (1993) analysis of flight deck operations on an aircraft carrier. Weick and Roberts considered all of the roles involved in landing airplanes, not just the air traffic controller. The high degree of interdependence between the actors and actions on the flight deck led Weick and Roberts to introduce the concept of "heedful interrelating." Without minimizing the value of individual-level research, the reality is that important tasks (like landing airplanes) are often carried out by multiple actors. If we restrict our view to single actors, we miss opportunities to theorize about the complexity of tasks that include many actors.
In this article we are not proposing a theory of how complexity at one level may influence complexity at another. Rather, we are offering a concept that can be applied equally at any level of analysis and that can include multiple actors. The grouping of actors in different units and different levels of analysis will influence the resulting event networks. The consequences of such groupings for the overall task complexity may then be studied empirically.
Furthermore, the framework does offer some insight into what Kozlowski, Chao, Grand, Braun, and Kuljanin (2013) refer to as "top-down" versus "bottom-up" theories of influence across levels. When entities at a higher level (e.g., organizations) act, they shape the context and provide information cues for lower-level entities. For example, if a ship stops or changes direction, everyone on board will know. The bottom-up effect does not necessarily hold: actions by lower-level actors (individuals) may or may not be sufficient to influence actions by higher-level actors (organizations). When represented as a network that includes actions by heterogenous actors, top-down effects may be more evident than bottom-up effects.
CONCLUSION
As surely as we know that checkers differs from chess, we know that complexity is a significant factor in a wide range of organizational phenomena. Indeed, organizations can be understood as mechanisms for managing complexity (Simon, 1969) . However, our theory and empirical studies often oversimplify this core construct or omit it entirely. By updating and extending task complexity to include multiple actors at any level of analysis, the concept proposed here offers a way to fill this important gap in management research.
